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,1/ r , ^ nSai1 lnVB ? t,0D rckteS to » method mi a PP aratns which Provide proactive guidance to a sargcon for guiding 

™?* P ° f 3 *°^. mSt ™ n ! ent S"* a P™*°°dy defined optimum path within the body of a mammal to a tumour or other target 
wtttun the body. This path undivided into a plurality of sections extending from one intermediate point to another and an image 
is formed on theexposed surface of the body of the mammal upon which the surgeon is operating. The image is focused below 
^ *• »«t intennediate point to be traversed along the path. The image provides the surgeon with vector 

1 u , ^ * e tip ° f * e The image is preferably throe or more chapping dots of light 

fiom lasers which am directed at the intermediate point by motoiised mountings under the control of a computeTme splay of ie 

L 8 ir -1 " 8 ^ SaSe ? D VeC,0T infonnanon " By providing the image focused at the intermemaTpoint the surgeon is 
provided with a simple v,sual v«tor to follow who.se direction is continaously updated as the surgeon moves the tip of theLlpel 
or other surgical instrument towards the intermediate point 
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METHOD AND APPARATUS FOR GUIDING A SURGICAL INSTRUMENT 

• » ■ * 

The present invention relates to a method and an apparatus 

for use in that method, notably to s a method for 

5 proactively guiding the operative tip of a surgical 

1 

instrument . during surgery, 

. n&rregnny rn to twtc twvrwtt on : 

. • ■ . . ... 

10 Where surgery is to be performed upon a person, it is 
customary to take a plurality of X ray or other images 
showing the internal structure of the body to identify the 
shape and location of the specific problem upon which the 
surgery is to be carried out. For example/ where a tumour. 
15 within the br;ain is to be removed, . a series of X ray, 

ultrasound or MRI images is taken of the brain to provide 

■ ■ • . - ■ .. ... 

images which show the form and location of the tumour 
within the skull of the patient. If computer- assisted 
surgery is. to be undertaken, fiducial markers are usually 
20 secured to the skin or. screwed into the skull of the 
patient prior to image acquisition to provide datum points 
against which the images can be related. Typically, a 
number of images are taken from a plurality of directions 
and/or at different axial locations relative to the body 

■ - * * 

25 or head of the patient to generate a plurality of slice 
images of .--the.' ..head. Those images -are subjected to image 
processing using a computer and appropriate programs so as 
to build up a three-dimensional computer image. This 
image can be displayed upon a visual display unit and the 
30 displayed image can be rotated, enlarged or otherwise 
manipulated to assist the surgeon to identify the exact 
shape and location of the tumour within the skull, to 
provide datum points against which the internal structures 
of the brain can be related. 
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r, ^ aoolied to other features within the 
^stechnxquecanbea^ thrombose s in blood 

body, for example detection carried out on the 

vessels, and to other procedures to ^ carried 

body . For example, it can for dirStino the 

5 investigation of a potential tumour or J* 

* ^tmOsmtfi for example pins or px«u 
insertxon of J"* 1 ^*'* ^ tech ni,ue can also be 

spinal or orthopaedic ^rgery^ 

..^^ «. „a»al* oth~ -thanj— ^ 

or other *^ -"^JTL^ft. in terms of 
10 invention will be descrie 

tumours within the brain of a human patient. 

15 SI S ana brain - = ; - 

. . _ 0 f or damage to acrjacenu u« 
disruption o£ or a 9 tient . s head ia clamped 

surgical procedure itself th P ^ itions o£ 

or otherwise secured firmly - P eatabliahed 
the fiduc*! ^-"^"^ i-ge ■» «— the 

20 ^^T. wld^r Trote »hich carries an » or other 
markers witn detected by a series of 

i^cator. .hose po » in the ceiling or 

CCD or other cameras or opara ting theatre. By 

ether suitable fixed points » th.J*« ^ ^ a 

. t 4. 4 ^r, 1-,-F the positions or tne i^uux 
25 triangulation of ^ the P ition aBd location of the 

computer can determine the jpo computerised iraage 



30 



computer ~ . ^ Ainnn i-prised image 

patient's head T Z ^-TJ- 

"thT C firciar^^ are often difficult to detect 
Since cue j-a reference arc or similar 

duxing the surgical procedure, a ^ 
device is usually attached to^the ^ OI 

patient's head in positron. Tbrs _ ehe 

Lh.r emitters «bosa position can be ^ected by 



35 



other emitters wnose ^ Z^t^c to the computerised 
cameras and related by the computer to ^ 
image and the position of other equipment used by 
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* 

surgeon. Thus, the position and orientation of the 
patient 1 s head can be determined at any time during the 
surgical procedure and the computerised image of the brain 
and tumour and its display corrected if the head is moved. 
5 This registration procedure enables the position of a 
trackable instrument, for example a probe, within the 
skull and brain to be related to the computerised image. 
The su rgeo n . determines, .that .he is. following the., optimal 
... path by detecting the position to which any incision made 
10 by him has penetrated within the skull, or the brain. The 
surgeon can then relate this position to the computer 
image , generated in the initial survey of the patient's 
head so as to determine where he should next direct the 
surgical instrument so as to arrive at the tumour. 

15 ; • . 

To do this, it is necessary for the surgeon to withdraw 

the surgical instrument he is using to penetrate the skull 

or brain aind to insert a probe or wand into the incision - 

The distal tip of the marker probe carries an LED or other 

20 device by which the tip can be detected by a series of 

fixed sensors, for. example infra red cameras or sensors 

secured to the ceiling of the operating theatre or other 

fixed locations, which are spaced apart from one another. 

- - ■ . • - . 

These sensors provide a triangulated position detection of 

25 the tip within the brain. The relevant portions of the 
computerised images are displayed on the computer screen 
together "with the location of the probe within the brain. 
. As a result the surgeon, can determine how the actual path 
of his incision relates to the optimal path determined 

30 from the initial survey- 

■ * _ • 

* * - 

- - ....... . m 

However, such a. technique requires that the surgeon 
interrupts the surgical procedure , remove the scalpel or 
other surgical instrument from the incision and insert the 
35 - marker probe or wand into the incision he has made. This 
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* rt« surqeon and carries the risk of 
is disruptive for the surgeo ^ ^ ^ 

damage to the braxn or ^ ^ or 

removal and *™*£aZL Lthermore, in order to 
other surgxcal ^ probe , the surgeon 

5 determine the positioa °* , bead ^ direct nis 

inr>v away from the patient * 

. on at I VDU or other display device to vxew the 
attention at a vdu marker probe or 

iraage which relate, the. p~x*« ^ then 

W and to the structure of theh^- ^ ^ 

10 make a to^^ ^ ^ ^ 

to move the txp of the f Cal f * ve ^ tiring for the 

. path to the tumour. «Hs is disruptive 
surgeon and is open to errors . 

is done using a microscope/ through 
15 Most brain surgery is brain upon 

which the surgeon observes the are- ^ 

surgi cal ^^'^^^^^ 

surgical procedure. It has be ^ ^ be 

20 which carrxes the optica: the position of the 

pr ovided with means . ^ related to the 

microscope can be detected gkull . since the 

cauterised Ltrument will usually be 

° P r t the foci point of the microscope, the positxon 
25 located at the focal P calculated fr0 m a knowledge 

of the instrument txp can oe _ microscope chassis 



or tne ixia ^ — — — - . microscope cnassis 

• w4 and orientatxon or me iui<-«.v« t- 
of the posxtxon and orien waeooe wi thout the need to 



30 



35 



and the focal length^ _the ^ ■ ^ ^e^ion 

remove the instrument from the pa ^ two 

of a marker probe or wand. It has beenp P ^ 
laS er beams carried by the -™^ b ^ converge at 
onto the head of the patient so una surt , e on moves 

the focal point of the — point 

A or, that the beams converge <*u *r 
* "° £" t L the counter monitoring the 

upon which he is operating. 
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movement of the microscope can. relate that point to the 
computerised image of the brain. This technique is used 
to determine the position of the tip of the surgical 
instrument within the brain without the need to remove the 
5 surgical instrument and replace it with a marker probe. 
However, the surgeon must stiil relate the position of the. 
tip of the instrument to the desired path which he is to 
follow to the tumour. This requires that hs look away 
. from the microscope and refer to a VDU for the display of 

10 the computerised image and the position of the instrument 
tip relative theretb so that he can then estimate the 
direction in which he should next direct the tip of the 
scalpel to follow or re^gain the desired path. This is 
disruptive for the surgeon; and requires that he exercise 

15. topographical interpretation of the information presented 
to him, which is tiring. 

i . . . 

\ * 

• ■ . - " ♦ ■ - 

It has been proposed that the computerised image of the 
brain be displayed as an overlaid image in the optical 

20 path of the microscope. The surgeon can then view the 
computerised image and assess the relative positions of 
the tip of the instrument and the tumour within the brain 
without the need to divert his eyes from the microscope. 
However, since this must usually be done a plurality of 

25 times during a single surgical procedure, this is still 
disruptive and tiring for the surgeon. Furthermore, 
although the computerised image shows the location of the 
tumour, this method still requires the surgeon to exercise 
topographical interpretation of the images presented to 

30 him in order to estimate where he should next direct the 
surgical instrument. 

It has also been proposed to provide the microscope with 
motors, which move it in three dimensions under the 
35 control of the computer handling the computerised image of 
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The surgeon moves the microscope so 
the brain and tumour. The surg ^ ^ ^ 

as to folio- the movement of the V ^^oscope . 

— ~/LVLS C - cameras or other 
This . movement can ne ceiling or by movement 



v ran be detect ea t -" w - . 

This . movement can ne cei ling or by movement 

sensors on the operating theat the compu ter can 

sensors on the microscope M ^ ^ ^ point of 

determine at any teethe ^ located 

the. microscope (and hence, xue and the 



10 



15 



20 



25 



30 



35 



— , j +-he tip. - Q 1 

!T ££JTJo' the cauterised image and the 
at that point) "l" 1 *^ actu ating a switch, the 
....:*->,,« that image. °Jf _ i„i 



QV - " , v Bv actuating « = — 

tumour within that image . y q£ ^ sc&lpel 

surg eon can display the locati- >of* ^ ^ 

native to the tumour or J*e ^ ^t 

so that he can determine that be i ^ ^ 

pat h to the ^-^^'^3^ -ere next to 
exercise topographical skills 
airect the tip of the scalpel. 

► active information as to where 
SUC h methods *™^ TZt^L* is located relative to 
the tip of ^ "low. They do not provide 

^ ^""ire as to hJ the surgeon shonld move the tip 
direct guidance as to . , ach the tumour or 

of the surgical instrument so as ^ ^ a 

other target within the brain. Xa ord 

_ .j.^o to the surgeon, it: ueta 
proactive guidance WcrMCope to move from the 

that the surgeon cause t „coosed surface of the 

position at Which it has reached on its 

hrain at the point where the ^ £ocal ^ 

^ to the target to a *m the computer 

i. located at the tumour » taI9 . t . Toia will 

store of the co-or ^ ws* should 

indicate the general direction ^ tuBour or 

«« the tip of te ouires the use 

other target, *"^ve motorized horoscope and 
of a complex end «^ ensl locating the tip of 

repeated switching between modes for 
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the scalpel and the location of the tumour. This is 
complex and tiring for the surgeon, and does not give a 
simple and continuous guidance as to where to direct the 
tip of the scalpel. Furthermore, such guidance does not 
5 accommodate any changes in direction in the optimum path 
between the target and the position which the tip of the 
instrument has reached along the desired path. It gives a 
straight line indication of the target relative to the 
position at which the tip of the scalpel is located and 
10 the surgeon then has to review the computerised image of 
the brain to determine whether there are obstacles,, such 
as blood vessels, to following such a straight line path 
and to make a topographical estimate of the route to be 
followed. 

. • • • . 

15 . 

There thus still exists a need to provide the surgeon with 
a simple proactive guidance of the correct path to follow 
during surgery without the need to interrupt the surgical 
procedure, without the need for additional mental effort 

20 from the surgeon, without the need to insert and remove 
instruments repeatedly during the surgical procedure, and 
without the need for the surgeon to look away repeatedly 
from the microscope to observe a VDU or other display so 
as to determine the position of the incision relative to 

25 the tumour or other target. 

, - - . » - * 

* - . 

■-. . We have devised a method and apparatus which reduces the 
above problems. Furthermore, the method and apparatus of 
the invention can be applied to surgical procedures which 
30 do not require the use of a microscope as with the prior 
. art techniques described above . Thus, the invention can 
be applied to general surgery, for example in the spine, 
or to assist insertion of metal implants or the like, 
where the direction , and location of anchoring screws or 
35 bolts can be guided. By providing a simple vector. 



PCT/GB01/02523 

WO 01/93770 

- 8 - 

he should next direct 
guidance to the surgeon *£"j£a* can be provided with 
the tip of the scalpel, tb. * fc ^ surgica l 

simple, guidance contxnuous^ ^ 
procedure without the* need ^ 
5 on the movement of the tip oi 



10 



15 



20 



■ • . 

^ the -resent invention provides a method tor 
accordingly, the ores- ^ ^ ^ ^ o£ 

proactively drrectrng th » ^ being 

a surgical in.tru.ent ^ = ' ^ 

~" l6d ^ t ^ froTL eSo-d surface o £ th. W 
the ^ o* - ^/ J _ interB ediate point along 
of ~ ^ target within the body or the 

ttot path to des ^ ^thod oowrises-. 

maDm al, characterised in that t 

4™ae onto the exposed surface 
directing a detectable ^ag. - surgical 

. .„ n f the mammal upon wn*^ 
of that portxon of th which image is 



of that po^-" — mt wh ich image ^ 

procedure is W^*^ ^sed surface, .-d* 

focused at a point points to which the 

point is one of the mterm ingtrunien t is to be 



a. 



point is — , instrument is — 

operative tip or the enseal 
transported along the path to the g 



25 



30 



procedure, and sur9ioal ■ instrument to rollo- 

.. causing tb. , ** >«*^ ■ ^ „ ^ intero ediate 
toe image to at. f . ^ creates a 

point axon, the^ lntMMdiate point, 

second exposed surface * 

■ . " ' 

be at the target so that 
The second ^o Sed surface and the target 

the peth het-een the frr ^ ^ ^ ^ ^ ^ 

is a straight line. 
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passes through one or more intermediate points, the method 
of the invention comprises the. further steps of: 
c. re-focusing the image below that second exposed 
surface at the next intermediate point, in the path to 

5 the target; and 

. d. causing the tip of the surgical instrument to follow 
the image from the second exposed surface to the next 
intermediate point; and 
e. repeating, if necessary, steps c and d until the 

* * * ■ ' . ■ - " . 

9 - 9 • • 

10 target is reached. 

In the method of the invention, the image projected onto 
: the exposed surface of the brain or other organ upon which 
a surgical procedure is being : carried out provides the 

15 surgeon with vector information directing the surgeon to 
the point of focus of the image . The point of focus of 
the image corresponds to the location of the tumour or 
other target within the, brain or to a way point along the 
optimum path from the point of entry into the skull or 

20 body of the patient to the tumour or other target within 
the body of the patient. The optimum path which the 
surgeon is to follow is determined from the initial 
computerised images of the patient ■ s skull as with 
conventional surgical procedures. If the path from the 

25 initial point of entry into the skull to the tumour is a 
straight line, then the focus of the image can be at the 
tumour. However, it may be necessary to follow a tortuous 
path in order to avoid damage to other structures within 
tbe skull, for example blood vessels. In this case the 

30 path to be followed can be defined as a series of shorter 
straight line paths between intermediate points along the 
overall path. .In this case each intermediate point will 
be a focal point for the- image projected onto the exposed 
surface of the brain. . The images projected are presented 
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after the other as the 
as a series of separate - ^ ^ _ 

^ ° f t next along the desired path, 

intermediate poxn to the ^ ^ ^ rf tbe 

The surgeon xs thus . pre ^ ^ ^ ^ rf the 
5 operation with a 9- ^ tbe next 

instrument should be care 
intermediate point. 

• i ™- vector information is presented 
Since the dxrectxonal, or ^ ^ ^ting, 

10 to the surgeon on the -^f^ ^ the microscope. Since 
he does not have to look away f ^ ^ ^ surgical 

the information relates to wh _ ^ ^ ^ ^ ^ 

instrument should be of the inst rument is, 

surgeon to determine vector information to 

15 provided that he has followed Howeve r, if 

tnat moment xn the s g acfcual posi tion of the 

desired, information relet x g ^ ^ surgeon to 

tip of the instrument can bep from the 

verify that he has not _ st* y^ ^ can be provided 

20 optimum path. Such ^ le , the surgeon can 

by any suitable technique. F ^ ^ ^ tip of 

manually focus the xmage on ^ conf irm 

the surgical instrument xs curr ^ 
that this site lies upon ^ the ^ ^ . 

25 programming of the cjuter bereinafter „ 

However, the inf ormatxon wxl inforroat ion, 
terms of the Provisxon of solely v 

_ mention can be applied to a wide 
^ indicated above, the proce dures performed on 

30 range of surgical or ^^^J^ tbe ^section- of: a 
numans and other mammals, * ^ ^ tQ be 

limb or the spine so as invention will be 

, For convenience, tne . tbe 

inserted. -For c ^ tumour wlt hxn tne 



insertea. f a tumour wiluj^ 

described hereinafter xn ter ^ £ ■ involve the 

brain. Furthermore, the procedure need 



35 brain. 
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cutting of tissue, but may be, for example, the separation 
of lobes of the . brain using retractors or paddles until 
the tumour is reached. and exposed, at which point another 
instrument such as a laser or ultrasonic aspirator may be 
5 used to remove the tumour. For convenience, the term 
surgical instrument will be used herein to denote any 
instrument used to penetrate or investigate the body, and 
the invents will be described hereinafter in terms, of 
the use of a scalpel. .Furthermore, the surgical procedure 
0 need not involve actual removal of the tumour or other 
target within the brain, but may be purely exploratory. 
The term surgical procedure is thus used herein to denote 
any procedure in which a surgical instrument is caused to 
travel within the body of a mammal . Furthermore , a 
surgeon, but could be carried out by a skilled technician 
need not perform the procedure. The term surgeon is thus 
used herein to denote any person who operates the surgical 
instrument. In an extreme case it may be possible to 
program a computer to carry out the surgical procedure and 
such operation falls within the scope of the term surgeon 
and surgical procedure as used herein. 

The vector information is provided by a visible image on 
the exposed surface of the brain. This image is formed *y 
projecting one or more beams of light or other detectable 
radiation onto the exposed surface of the brain, 
preferably from sources of illumination which are 
laterally displaced from one another to provide separate 
images which converge or focus at the intermediate point. 
This image is preferably provided as a visible light 
image. However, other forms of detectable image may^be 
used, for example fluorescent images or beams of other 
forms of radiation, eg gamma radiation, which can be 
detected by a suitable; sensor. For convenience the 
invention will, be described, hereinafter in terms of the 



35 
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10 



15 



20 



use of visible light beams. 



, w pxoosed surface of the brain 

The image projected <**° tte image 

can ta*e a wide raage jf f orma. ^ ^ ^ ^ 
can take the form of three or q£ 
to a focus at tbe -nrrectld sac. beama may 

the surgical j^^J ^ of ^ upm 

form a r«9 of ^'^T^ intermediate poiut is 
surface of the brara until the foc uss«d 

and will form a single spot imag 

the spots wiU provide is belo . the 



25 



suriace uj- . i instrument wan 

of£s et from the "P-^ — , ^ ^ ^ be 
indicate the lateral direction 



directed . 



ot her forms « --TLge f - 
issired. For example, tbe *^ o£ ^ ^ 

holographic of the ^.1. P £=atuI es to be 

which displays blood vessels lMtrum ent 
avoided and the optima* path ^ f or the urg^ £ora 

• *iv«^ a i-ivelv, the images may 
to follow. Alternatively, ^ mother at the 

of crosses which are superimposed upon on 
focal point, arrows whose tips converge ^ 

or a combination of <*^/^ 0 n ^ dep ,h of the 
surgeon in determining the direc _ ^ 
intermediate point below the exposed surf 



30 the invention will be deL 

For convenience, the _ plurality of spot images 

hereinafter in terms of gpot inage 
which converge to form a singx 



in- 



termediate point 
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The spot images can be formed by any suitable form of 
illumination, for example ... pea bulb, LED or a laser. The 
spot images may be formed by convergent beams which are 
. themselves f ocussed at the intermediate point so that the 
S diameter of the individual spot images also provides an 
indication of the depth of the. intermediate point below 
the surface carrying the spot images. Alternatively, the 
beams of light may be coilimated so that the spot, image* 
remain of substantially constant size and; it xs the 

a «rr-i or rinQ of spots on the exposed 
0 diameter of the triangle or ring y ^ • ^ . «. 

^ - ^ ■ .,^ r w indicates the depth of the 
surface of the brain which indicates ^ 

intermediate point below the surface. 

The sources of illumination forming the individual spots 
5 of the image may be laterally displaced from one another 
so that the individual spots do not overlap one another 
until the exposed surface onto which the xmage xs 
projected is close to the intermediate point. However xt 

„ . «.>,_*. sources of illuraxnatxon 

will usually be preferred that the sources 

!0 are sufficiently close to one another so that they overlap 
to provide a highly illuminated portion whxch xs centred 
upon the line of the path to the intermediate poxnt If 
desired, the individual spots may be of different colours 
so that the area of overlap, produces an image havxng a 

i5 different colour to provide enhanced contrast betwe^ thxs 
area, and other areas of the illuminated . xmage and the 

« 

exposed surface of the brain. 





invention will be 
For convenience, tne • - •. - 

terms of laser beams of Ixght whxch 

— . -a • 1_ 




hereinafter in \ terms oi xaeco- ~~ - . 

_ m nnint at the focus of the beams and whxch 
converge to a poxnt at the £ illum ination 
overlap to provide ah area, of more intense 
. . .^i-vniiv within the overall xmage. 




to proviae an. ".w. w - 

ially centrally within the overall image. 
= ated above, the invention may be applied to 

, . ' „i nT-nannriP is USed, f Or 



As indicated, aoove, u«= ■ - _ 

35 surgical procedures in which no microscope xs used, for 



PCT/GB01/02523 

WO 01/93770 

- 14 - 

rt. soine. However, the invention 
—Pie in surgery on J*. ^ ^ gurgery where it is 
is of especial application ^ ^ what he is doing 

t ZrZT^-^ wm be describ ;: 

through a microscope ^ ^ ^ microscope. If. 

5 hereinafter in terms o wit h one or more 

desired, the microscope may be P ^ ^ ^ 

rings or crosses ^aved^othe^ ^ ^ ^ 

path of the surges- to assi overlap in 

view of the microscope upon the centre 
L0 the illuminated image. 

or other sources of illumination used to form 
Tne lasers or °ther s ^ ^ ^ can be 

the image on the exposed ^ which they can 

located at any suitable ^ ^ obscure d or 

Project an image ^o.^ exa^le, the 



15 



yj- u J«' — — . Thus, tot — > 

interrupted by other ceiling of 

sources of . illuminatxon could b.m ^ 



operating theatre Jor ^ ^ ^ Qf ^ 

intensity LEDS or lasers be ^ted upon a 

20 patient- However, they may by the 

suitable free-standing - ^ during the 

o^^ ^^^ ^Jr support which can be 
surgical procedure or on ^ positioned as 

stood on the floor of ^ , the sources of 

25 required by the ^^.^ ^ ^ cassis of the 
illumination may be c ^ ^ ^ fche source s 

miCrOSC ° Pe \° IT foS ow the movement of the microscope 
of illumination follow furt her alternative, 



of illuminate further alternative, 

during the surgical procedure. hea dband 
the sources of illuminate can be bui It ^ ^. & 



Cne ° ' w surgeons when not operating - 

often worn by urg ^ ^ ^ ^ ^ surgeon 

microscope or into a cnesu f 

' be described 

. Hie invention win 

For convenience, the _ q rS carrie d upon 

35 hereinafter in terms of a plurality 
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the chassis of the microscope through which the surgeon 
observes the exposed brain and the tip of the scalpel. 
However, it \ will ... be appreciated that the sources of 
illumination could be located elsewhere and their 
5 illumination carried to the desired point of projection by 
glass or plastic optic fibres. Thus, a single high 
intensity laser mounted in a floor mounted console could 
direct its output beam at the exposed proximal end of a 
cable formed from individual optic fibres which lead to 
10 the chassis of the microscope . Individual beams from the 
distal ends of the individual fibres in the cable can then 
form the individual spot images on the exposed surface of 

■ * • ■ 

the brain. 

■ < "''*._■•"- ■ • 

15. The lasers are to form an image upon the exposed surface 
of the brain which is focussed below the surface of the 
brain at the intermediate point which the surgical 
instrument tipis to reach on it path to the tumour. This 
will usually require that the position in space and the 

20 orientation of the individual lasers be established and 
related not only to the head of the patient but also to 
the computerised image of the optimum path to the tumour. 
Where the lasers are mounted upon the chassis of the 
microscope, the. relative position of the lasers to one 

25 another and to reference points, for example LEDs, on the 
microscope chassis Will be known. The position of the 
chassis relative to the fiducial markers carried by the 
patient's head, or. by a reference arc clamping the 
patient's head in position, will be tracked by cameras or 

30 other fixed sensors in the operating theatre in the 
conventional manner and using conventional techniques for 
monitoring the movement of equipment in the theatre using 
a computer and relating that positional information to the 
•; computerised image of the brain of the patient. Other 

35 forms of ... sensing and computing the position of the 



10 
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_ Q f illumination, may 
..dcrcscope. and hence the "™ or lase r ring 

also be used, for oonpu ter will he 

scopes. o£ the lasers and 

permanently updated of the p ^ 
5 their relative position to the p 

of the lasers relative to 
Having determined the P° slt ""V_ ^ £QCUS ^ iight 

tta patient, it is <*» intermediate point along 

^tted from them at the ^ ^ed so that 

the P.* to the tumour ^^Ight they each emit can he 
the direction of tM beam ofj^^ ^ ^ 

directed as required, for ^ fco convey 

adjustment means. Hbere an. optl^ ^ .^^^ «. 
Ught from a laser be £leMd to achieve the 

distal end of the Umling from the end 
desired direction ^ aide 

of the fibre. AJ.te lec tion of the light beam 

wall of the fibre may cause deflect ^ ^ ^ ^ 

to a sufficient extent *x ^ support can he 

frora each laser carried ^ . 1(hBre a plurality 

focussed at a given intermediate during an 

of intermediate points are _ which . g 

operation, the static ^ fl ^ tBliliti groups of 
^ ^ ^Crto ^ to illuminate the 
lasers or ^..f*^* with different linages 



15 



20 



25 lasers or ^ - 

exposed surf ace of _ _ traverse d. 

according to the intermediate point t 

the chassis of the 
^ the lasers are 'minted np^ ia vlewing the 

.icroscope through J*e ^ ^ of ^ surgica l 

^eed «~ ttssary to adjust the focnss^ 

instrument, it win « ^ moveme nt of the 



30 



of the lasers to compensace - ^ ^ It is 

microscope relative to the P huntings 

^o-Fp-rred to mount tne J.aso- 
35 therefore preferrea 
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whose orientation can be continuously adjusted throughout 
the surgical, procedure. For example, the lasers could be 
mounted upon a support plate whose orientation is adjusted 
by screw mechanisms operated by stepper motors or other 
5 means. A particularly suitable- form of mounting is that 
in which pairs of threaded rods extend between threaded 
receptors carried at the apices of one support member to 
receptors caraied at- the apices of a second similarly 
configured support member . Each pair of rods, from one 
10 receptor on one member extends to adjacent; receptors on 
the other member. Upon rotation of the rods and/or 
receptors, the orientation and position of the members 
with respect to one another can be .varied. Such a 
mechanism enables the individual lasers to be directed 

■ " * * * - 

15 accurately under control of stepper motors . 

1 * • * 

In an alternative form of apparatus, a plurality of lasers 
or the free ends of optic fibres conveying light from a 
single laser, can be provided in a cluster mounted upon a 

20 base member, each laser or fibre being orientated at a 
different angle to the base member. Where two or more 
such clusters are mounted upon the chassis of the 
microscope, illumination of a laser or fibre in each 
. cluster will combine to form an image which is focussed a 

25 given distance from the microscope. By selecting 
different lasers or fibres, images focussed at other 
points can be achieved. Such a structure can be designed 
so that individual lasers or fibres from each of the 
clusters focus at specified points and suitable switching 

30 of the lasers in the clusters, for example under computer 
controlled selection, can achieve the formation of a range 

of images to focus on selected intermediate points in a 

....... ■ . • . 

'•;/ patient's skull. 

* ■ • 

- 

• • • a # .. j » - 

35 In place of lasers where the direction of the light beam 
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• a focus upon different intermediate 
they emit is varxed to to P m be ^ sed 

points, a focussing lens or a tx 3 ^ ^ 

to focus the light beam from a f « ^ 
mo vement of the lens ~ «^ ^ the lasers ' can he 
5 focal point for the light ^ a 

achieved using any *ui ^ adjusttnents means, 

stepper motor and sere ^ ^ .deflected 

.Oternati-vely, the beam ^ & ^ upon 

using an acoustic C ° U ^ ^.ansducer acts, for example 
which the acoustic coupler or trans 



10 



a germanium crystal 



15 



20 



25 



. s readily lend themselves to control by 
Such structures t beams f rC m the lasers can be 

computers so that the Ixg ^ inter mediate point 

accurately ^* of the br ain during movement of 
be low the exposed surfac ^ BtructU res can be 

the microscope. Furtn > re . focuSse d upon the 

prog rammed so that t ^ l3ed ta following the 

next intermediate point *° . ossible for the surgeon 

path to the tumour. It ^ path from 

the point of entry mto tn P q£ a .^ter . 

itself and to program those « £ron ^ 

controlling the fo— «. ° £ ^terface with the 



controlling the f ocuss-9 ^ „ it h the 

iesers. That . c^uter, relating 

center, which need notj » > ^ patient , a skul l end 



30 



computet . w**- i. he patient 5 — 

the position of the microscope ^tj^^ ^ ^.^ 

to the computerised images * lasers a re focussed 



to the computerise . ;lMgtl are focussea 

the surgical P^^^ate points throughout the 
upon the deSire \"^ or native movements between 
procedure and cc^ensate ^ programming and 

the microscope and the P*"» vector formation can 

rss — ^ — ter ~ d pr ^ n9 
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The invention thus enables the. surgeon to identify 
desirable intermediate points in the path from the start 
to the finish of a surgical procedure, to. program those 
5 into the computer (s) so that during the procedure he is 
. presented with a visible image on. the exposed surface of 
the brain which guides the tip of the surgical instrument 
t© the tumour. Thus, the. method of the .invention allows 
. the surgeon to follow an image showing where to make the 
10 initial skin incision of the scalp of the patient, then 
the exact site and size for opening the bone of the skull, 
then to direct the surgical instrument to the tumour 
without the need to divert the surgeon's attention from 
the manipulation of the surgical instrument or to make 
15 complex topographical analyses of the information 
presented to id- 10 - 1 . 

The invention can readily be applied to presently 
available computer-assisted surgicax byouciuD 

20 one or more sources of illumination to generate a 
plurality of images on the exposed surf ace of the patient, 
a mechanism for focussing those images at a desired 
•intermediate . point in the path to the tumour or other 
location within the patient, which point lies below the 

25 exposed surface upon which the image is generated, and a 
mechanism for inter- relating the information generating 
and directing the images to the computerised image of the 
... patient and the actual head or other structure of the 
patient upon which a surgical procedure is to be 

30 performed. The operation of the image generation and 
focussing and its inter-linking to the computerised image 
of the patient and the location of the patient can be 
achieved using conventional positional and 
software and mechanisms as used in computer 

35 gathering, processing and computer controlled surgery. 
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10 



15 



20 



,- on has been described above in terms of 
The invent xon has Been ^ ^ gcalpel to ^ 

relating the movement of c ^ ^ 

alr eady established optxmalpath^ procedures , for 

bra in. However for Pt* m etal objects in 

— thS inSertl0n it " he desirable to develop the 
orthopaedic J^'***^ progress, W ^ 

° Ptimal P ^ " iTaSL by the surgeon by taking a 
optimal path can be determx s a C arm 

number of images, ^ position of the tip 

or ultrasonic .mages^ to det ^ ^ ^ Qr other 

of the scalpel and the struccux The g^eon 

^itCK-^ — - — : 

can interrupt the sura. _ a*, next stage of the 

or computerised -^"^ ^ to b e foUcwed. 

bore in a bone. 

• Has been described above in terms of an 
The inventxon has ^ ^ ■ desired ^termedxate 

imaae. which xs focussec o ^ present 



iraage , which is i ^ SS — ^ scope of the present 
point . Hoover xt xs ^ ^ between 

invention for the focus o£ ^ the ^termediate 



25 



the tip of the *"^J"' mxtmBm c f the brain. By 
point below the exposed surf two pol nts. 

Presenting an W which »ovee the dMir ed 

La surgeon is give* a movmg o£cen give 

™rfnt. such a moving WW c ™ ■ ,„ 
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intermediate point. suon direction in 

B. surgeon an enhanced J-™^ Such a moving ^ 

„hich to -ve the tip of the control of the 

"^iTt^r o7 mutation using 




35 



of the sources - . 

tocu SBJ ^a ° f .^ techniques. If desxred, the 

conventional programmxng tec » d sur£ace and the 

— * ° £ ^iTSn in a piuraiit, of 
intermediate poxnt can oe 
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steps. For example, the image can be focused at 1 to S mm 
intervals along . the desired path between the exposed 
surface and the intermediate point, so that the surgeon is 
effectively provided with a number of shorter paths to 
follow between the exposed surface and the intermediate 
point . Such sub-division of the path assists the surgeon 
to move the tip of the surgical instrument accurately 
along the fl? e 7 red path and also .alerts .the surgeon to any 
deviation from the desired path by directing the tip. of 
the surgical instrument repeatedly to a point along the 
desired path. . Furthermore, by sub -dividing the path to be 
followed into such small steps, the surgeon is present 
with a virtually continuous vector guide as to where next 
to direct the tip of the scalpel . 

* * * 

The invention has been described above in terms of the 
sources bf illumination being mounted upon the chassis of 
a microscope. However, many surgical procedures are 
carried out without the use. of a microscope. In such 
cases, the sources of illumination can be mounted, on a 
fixed stand or other support. However, it is also within 
the scope of the present invention for the sources of 
illumination to be carried on a head band or chest plate 
worn by the surgeon. In such cases, the sources of 
5 illumination will move relative to the patient's head or 
body as the surgeon moves. It will then be necessary to 
provide means for tracking the movement of the surgeon's 
head or chest, for example using cameras or other censors 
to monitor the spatial movement and position of LEDs 
0 carried by the head band or chest plate worn by the 
surgeon. Such detectors and their monitoring can use 
conventional equipment and techniques. 

* ■ ■ • 

The invention has been described above in terms of 
5 providing the surgeon with guidance as to where next to 
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•f rte scalpel. However, as indicated 
direct the Up of the ^ ■ informing the 

above, means may also be pro within the 

surg eon as to where the *p of J*e - ^ ^ 

body of the patient. This c from 
5 suitable technique, foe e^le by foc^xng ^ 
the sources of illumination at the exposed 
-in. This will require cTS-r U 9 h, 

or other drive means ^ ^ ^er 

S ources and this movement canbe informatio n for 



sources and tms ,o»v«™ information for 

„ce(i to provide a computer wit" 
means and used to P x of ^ 

— ta9 2 ,"t- £L oC-i~d W - 

microscope and relating 
the brain. 

15 pfc^tptTOM OF THK DRAWINGS^. 

will now be described with respect to 
The invention will now n in the accompanying 

pr ef erred embodiments ^ - diagram of a 

draWin9S r itser arrayT t£. microscope and the computer 
20 patient, the laser arrays, focussing of the laser 

interfaces ^.^^J^J^ -rm the 
lig ht beams- Figure ,2 shows ^ ^ ^ ^ 

computerised image ^of from the point, of 

^.rr^o t t^ with a number of 
25 entry into the skull J ft trav ersed along that 

srss rr. rsr- r= - r ^ 

the patient as cn ^ ^ brain . Fi gures 4 to 7 

^^ing Lid^ocussing of the . light beams onto the exposed 
surface of the brain of the patient. 

35 rl7 ^ TOTTnw of Mj m ^M8aa^ 
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15 



20 



A patient 1 is placed upon an operating table with his 
head clamped securely so that it. is retained in a fixed 
position for the . surgical procedure: > series of metal 
studs 2 have already been secured to the patient's skull 
to enable the position and orientation of the skull to be 
detected by the surgeon touching the studs 2 with the tip 
of a marker wand and .detecting, the tip a£. the.waad using 
conventional techniques , An arc carrying LEDs or other 
emitters is clamped in fixed orientation to the patient's 
head and the position of the arc detected and related to 
the position of the studs 2 using conventional techniques. 
This also enables a computerised image of the patient's 
head to be related to the physical position of the patient 
and to the position and orientation of the surgeon's 
microscope 3 in the conventional manner using the computer 
4. . The computerised image of the patient ' s head and of 

the desired path to the tumour is displayed on a VDU 5. 

... • ■ . • . 

* ■ ■ m m * * 

- - " - * " » 

Initially the patient's head has been scanned to produce a 
plurality of X-ray or other images to detect and locate a 
tumour within the patient's brain. These images have been 
scanned into a suitable computer to generate a 
computerised image of the patient's brain and the tumour 



25 



The operating 



controlling and generating 
30 structure and operation. 



studs, sensors and the 
software and computers 
them are of conventional 



: From the computerised images , the surgeon identifies the 
size and location of the tumour 10 and the optimum path 11 
through the skull and to the tumour, minimii 
35 damage to other parts of 



the brain. This optimum path 11 
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these ^ . the patient's skull- 

points of the studs 2 xn tne pa 

5 \ • 6 of the microscope carries a plurality of 

The chassis 6 ox tne - liaht which are 

la s.r. 7 which 'It convey ^ a _„ 



exposed 



carwteu °- - — - ^ The beams are 

bra in during the surgicai fc ^ ^ 

™ the first intermediate pome 
f ocussed on the fi . g acMeved f rom a 

path to the tumour. Thi e 3 re lative to 

Pledge of the position ^ofjhe . ^ ^ ^ 

the fixed arc and the patienc 

internal features of the patient's brain. ■ • 

\ ■' ' * licrht will be f ocussed at a point 
lD itially, the *YZ£ZT**r** and will give rings 
below the exposed surface of _ embodim ent, the 



10 



15 



below the exposed ^embodiment, the 

of spots as shown in Figure 3a intense 
spots overlap one another to give an area of 



20 



25 



30 



spots uvcj.*^ — . r^-i ft erenr coiweu 

i . where tlxe lasers emit ca iiexcu 
muminadon tetlem ,„ t all those colours 

lig ht beaes. area * coloar . As the tip of 

and n»y thus be of a con " a 9 Usue o£ brain. 

scalpel » ^^r^ ^ — " 
or lobes of the brain surfaC e of the 

♦-^.r liaht beams fall upon <* ■ * 
retractors, the light *e path towards the tumour 

brain which is further along 12a ; ^ a 

^ hence Closer to * overlap one another 
result the image changes and thespot . su rgeon 

-xtent as shown in Figure jd. 
to a greater extent as ^ ^ ^ tumour, the 

bas deviated from ^ e longe r lie centrally within 

Vision he has £ ^set as shown in Figure 

the light image, detect this and make a 

3C . T he r-^—J^f since the light image is 
stable 4. exposed surface of the 

visible at all times upu 
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brain, the surgeon is always guided along the correct path 
and the risk of deviation from the correct path is 
minimised. Once the. surgeon has reached intermediate 
point. 12a the light image will be a single dot, as shown 
5 in Figure 3d.. If desired, one of the lasers may emit a 
cruciform image which centres within one or more of the 
spot images from the other lasers. This aids detection of 
the .intermedial-^ point when the cross .image fits within 
the circumference of the single dot image, as shown in 
10 Figure 3d. ; ; . 

Point 12a may be upon the surface of the tumour and other 
intermediate points then define the extent of the tumour 
or the area to be excised by the surgeon. However, point 
15 12a may be a point at which the optimum path to the tumour 
changes direction so as to avoid some structure within the 
patient's head; The surgeon will need to reset the lasers 
to focus upon the next intermediate point 12b. This can 
be done manually, for example by rotating a turret 
20 carrying a new set of lasers aligned at different angles 
to one another into position on the chassis of the 
microscope. However, it is preferred that the new point 
12b be programmed into the mechanism controlling the 
focussing of the lasers so that the surgeon selects the 
25 next focus point by a suitable switch or keyboard input 
device. Alternatively, since the position of the 
microscope is being monitored by the sensors in the 
operating theatre, such a switch to the new focus point 
can occur automatically once the focal point of the 
microscope coincides with the focal point of the light 

• . . • . 

beams at intermediate point 12a. 



The lasers can be mounted individually upon a suitable 
. directional mechanism 30 on the chassis 6 of the 
35 microscope 3. The mechanism 30 is operated under a 



PCT/GB01/02523 

WO 01/93770 

- 26 - 

*. n aa t-Vi^ suraeon moves the tip of 
^-F the microscope. 



the scalpex cxo*^ — 

Alternately, ^ lasers a^l.s 
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15 



20 



Alternate vcj-j; , ■ Afferent angles as 

^ individual lasers directed at 
with the inaiviaua , . se iects which 

_.^,. r „ 4 suitable switching seiecw 
shown in Figure 4. sul the beams of light at 

lasers are actuated so as to direct th 

• v ^r»i »te noint 12. such a system will give .. . 

intermediate po^ beams and hence 

» the^r-tio ^ ^ ^ 

minor variations in the z ^ance the 

the position of point 12 Ughc ^ as shown in 

accuracy of the ^ be mounted on support 

Figure 5, ^ ^ of the light 

plates 41 which 42 so that the 

beam by stepper motors or ^ ^ ^ 

beam of light from that LED is alw y ^ 

-, _,Hvp1v as shown in Figure 6, tne ^ 
12. Alternatively, as tilting mirror. 

• j i==c»t- can be directed by means oj- «* 
fixed laser can he ^ Figure7 , a 

Tn the alternative form of device 



In the alternative — — . . f 

aingle laser 60 illuminates the proximal ends of^ 

individual fibres 62 in an ™~^ 0 £ ^tal 

illumination is carried along -fj*^.^ of 
— M of the fibres 62 to provide separate be 



25 



enda 63 of the ^ focuse d, for 

"^^S STLtal ana portions of tne finrea 
example by tiexing ^ , . oressure to 

-^-iVa^le mechanism or by applying press. 
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the side wan »l - desire d one pair of fibre. 

the intermediate point 33. i '„ int 3 3 and other 

can „. focuaa* on a ^'f^^.^U- 



. . me v me chanisms can be operated under the _ 
If desired, such mechanis beams „ focussed 

. control of a computer so that the l^t h 

35 on a point just below the exposed surf ace of 
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and intermediate the exposed surface and the intermediate 
point cm the optimum path to the tumour or other target, 
. . Typically, this will be just beyond, say 1 to 10 rams 

beyond, the focal point of the microscope so that the path 

5 to the 

• say only 1 to 5 rams long. In this way the surgeon is 
presented with a series of closely spaced intermediate 
points .and.. the risk o£ jdeviating; from tte desired path to. 

the tumour is further reduced. 

. ... 

• 10.- • 



\ • • > 




f 
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CLAIMS : 



1 a method for proactively directing the movement of 
the operative tip of a surgical instrument during a 
5 ' surgical procedure being carried out on a mammal 
along a predetermined path within the body of the 
ttammal from an «pqm4 iu*Mf of the body of the 

via at least one intermediate point along that 
path to a desired target within the body of the 
10 mammal, characterised in that the method comprises: 

a • directing a detectable image onto the exposed 
surface of that portion of the mammal upon wnzch 
the surgical procedure is being carried out, 
which image is focused at a point below the 
15 exposed surface, which point is one of the 

intermediate points to which the operative^ 
of the surgical instrument is to be transported 
along the path to the target during the 

procedure; and 
b causing the tip of the surgical instrument to 
follow the image to its focus and thus to that 
intermediate point along the path to the target, 
which creates a second exposed surface at that 
intermediate point. 

25 2 A method as claimed in claim 1, characterised in that 

the path to the target incorporates a plurality of 
intermediate points and the method comprises the 

further steps of: 

re -focusing the image below that second exposed 
surface at the next intermediate point in the 
path to the target; and 
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* * 

d. causing the tip of the surgical instrument 
. to follow the image from the second exposed 
surface to the next' intermediate point; and 
. e. repeating, if necessary, steps c and d 
5 until the target is reached. 

- 

3. A method as claimed in either of claims 1 or 2, 
characterised in that the image is a visible light 

* 

image. 



10 



4.. A. method as claimed in any one of the preceding, 
claims, characterised in that the image comprises a 
plurality of separate images which are directed to 

. converge at the location of ; the intermediate point 

>'■••*. 
15 along the v path to the target. 

■ . * ■ ■ • - '-•>'•<.-■' 

• • • . . ■ • - 

5 A method as claimed in any one of the preceding 
claims, characterised in that the image is formed by 
directing laser generated light beams at the exposed 

* • "■.•-* 

-. ; 

20 surface of the body. 

6. A method as claimed in claim 4, characterised in that 
the images . are. substantially circular images on the 
exposed surface of the body which overlap to provide 
25 an area of increased intensity and/or colour along 

the path to the intermediate point to which the tip 
of. the . surgical instrument is. to be transported. 
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A method as claimed in any one of the preceding 
claims, characterised in that the image is caused to 
translate between the exposed surface of the body and 
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• v v. -in the body to which it 
the intermediate point within tne dv y 

desired to transport the, tip of the surgica 
instrument, whereby a moving imago is provided which 
translates between the exposed surface and the 
5 intermediate point on the path to the target. 

3 fi -ethod.as clawed in any one of the preceding 
' claims, characterised in that the desired path to the 
target has been determined by prior inspection of the 
by x ray, magnetic resonance, colter aided 
tomography and/or infra sound technics to provide 
an i*age of the relevant portion of the body of the 
mamu>1 and this i^ge and the co-ordinates of the 
intermediate points along the path are stored m a 
computer memory, -hereby the taage on the exposed 
surface of the bod, for the next intermediate pomt 
along the path to the target can be generated and 

, , K^rfu of the mammal as eacn 

displayed upon the body of tne 

• a. -hhe Dath is attained by the 

intermediate point along the patn 

20 tip of the surgical instrument. 

9 . A method as claimed in any of the preceding claims 
characterised in that the surgeon observes and 
directs the movement of the surgical instrument using 
a microscope whose movement in space is detected and 
monitored, whereby the position of the tip of the 
SU rgical instrument can be related to the desired 
path to the target. 

' , anv one of the preceding 

A method as claimed m any 

, 4« that the mammal is a human 

claims, characterised in tnat tne 
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being ... 

11. A method as claimed in claim 11, characterised in 
that the surgical procedure is the treatment or 

5. removal of a tumour or other feature in the brain. 

■ • - ' .' • ■ • 

... • - 

■ 

12 ^ A method as claimed in claim .1/ characterised in that 
the surgical procedure involves the affixing of an 
implant within the body of the mammal and the images 
10 on the exposed surface are used to guide a cutting or 

drilling device. 

--*».'■ * ■ . . 

•■*..•"■*.■•' ■' ■ 

13. ' A method as claimed in claim 12, characterised in 

that the implant is to be secured to a bone or the 
15 skull of the mammal. 

14. A method for proactively directing the movement of 

■ - 

the operative tip of a surgical instrument withiii the 
body of a .mammal as claimed in claim 1 substantially 

20 as hereinbefore described. . 

■ ■ . • • . 

r ■ • 

• - - ... 

* t • • * 

- - 

15. A method for proactively directing the movement of 
the ; operative tip of a surgical instrument within the 
body «of a inammal substantially as hereinbefore 

' m 

+, " - * - a ' 

- ♦ . -. 

25 described with respect to any one of the accompanying 

drawings . . 

■ «... ^ - * » . . 

* ■ * _ 

16. Apparatus , for use during a surgical procedure to be 
carried out on a mammal and for proactively. guiding 

30 the tip of a surgical instrument to be used in that 

■ * ^ « * 

procedure along a predetermined path within the body. 
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of the mammal from an exposed surface on the body to 
a target within the body, via at least one . 
intermediate point along that path, which apparatus 
is characterised in that it comprises: 
5 a a support member carrying a plurality of sources 

of illumination laterally displaced from one 
another/whereby a detectable image can be formed, 
upon that exposed surface of the mammal; and 
b a mechanism whereby those sources of 
0 illumination can be caused to focus at a series 

of intermediate points along the path which the 
tip of the surgical instrument is to follow 
between the exposed surface and the target; and 
c a computer programmed to relate the location in 
L5 • three dimensions of the body upon which the 

procedure is to be carried out to the locations 
of the intermediate points along the path to the 
target and to focus the sources of illumination 
at those intermediate points in succession along 
the path whereby a series of detectable linages 
can be formed upon the exposed surface of the 
body to provide a sequence of guidance 
directions to successive intermediate points to 
be attained along the path between the exposed 
25 surface and the target, which images are focused 

below the said exposed surface. 



17. 



Apparatus as claimed in claim 16, characterised in 
that the sources of illumination are sources of 
30 visible light beams. 
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■ • ■ 

* ■ 

18. Apparatus as. claimed in either of claims 16 or 17, 
characterised in that the support for the sources of 
illumination is provided by the chassis of a. 

microscope to be used in observing the exposed 

* ■ - ■.**■■ • ■ * . ■ ■ 

5 surface of the body of the mammal. 

■■ ■ 

.... . . 

* 

19.. Apparatus as claimed in either of claims 16 or 17 , 
characterised in that the support member is a .static 

member , and the computer is programmed to relate the. 

• » . . - 

10 location in three dimensions of the support member to 

the location of the intermediate points. 

- 20. Apparatus as claimed in either of claims 16 or 17, 

. * * *■ ' * - . * 

* .* * ■ 

characterised in that the sources of illumination are 
15 ■ carried by a mobile support member and the- computer 

is programmed to . relate the location in three 
dimensions of the support member to the location 
intermediate points. 

. •» - - * 

* 

- * 

20 21. Apparatus as claimed in any one of claims 16 to 20, 

characterised in that the computer is programmed to 
translate the images formed on the exposed surface of 

the body between the surface and the intermediate 

... • . . .■"'.-'-..«■" 

point next to be attained along the path to the 

25 target whereby a moving image is formed on the; 

exposed surface of the body to provide a dynamic 

guidance image of the path between the exposed 

surface and that intermediate point. 

• - . 

....... . 

30 22. Apparatus as claimed in any one of claims 16 to 21, 

characterised in that at least three images are to be 
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10 



15 



20 



25 



formed on the exposed surface and to overlap one 
another whereby the path to the intermediate point is 
indicated by an area of increased intensity of 
illumination and/or of different colour. 

23 Apparatus as claimed in any one of the preceding 

claims, characterised in that the desired path to the 

target has been determined by prior inspection of the 
ttammal by x ray, magnetic resonance, computer arded 
tomography and/or infra sound techniques to provide 
an image of the relevant portion of the body of the 
m ammal and this image and the co-ordinates of the 
intermediate points along the path are stored in the 
memory of the computer, whereby the image on the 
exposed surface of the body for the next intermediate 
point along the path to the target can be generated 
and displayed upon the body of the mammal as each 
' intermediate point along the path is attained by the 
tip of the surgical instrument. 

24. Apparatus as claimed in claim 16, substantially as 
hereinbefore described. 

25 Apparatus according to claim 16 substantially as 
shown in and described with respect to any one of the 
accompanying drawings. 
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